.
In this Letter we demonstrate for the first time the use of YCOB as an optical parametric chirped-pulse amplifier of 1053 nm pulses. We have utilized YCOB in place of BBO in an OPCPA power amplifier, producing 40 mJ of amplified signal at a 10 Hz repetition rate. The current aperture of YCOB enables the potential scaling of 1 μm OPCPA to over 100 Joules which, along with spectral bandwidths that are equivalent to those of KDP, makes it possible for the construction of a petawatt-class OPCPA system. We also show the results of thermooptic modeling that indicate the possibility of using YCOB to scale OPCPA to kilowatt average power levels. Finally, given the optical transparency of the crystal, YCOB can generate high average power at a wavelength of 2 μm, when pumped by a 1 μm source.
To test the YCOB gain media, we have utilized an existing OPCPA setup that utilizes BBO as the parametric amplifier crystal 9 . The OPCPA system is designed to produce highly stable and good quality beam profiles at 1053 nm at a repetition rate of 10
Hz. The system is comprised of a femtosecond oscillator, stretcher, compressor, pump laser, and OPCPA preamplifier and amplifier. The seed pulse is generated by a mode- We have obtained 40 mJ of amplified signal energy by using 570 mJ of pump energy and a peak on-axis pump irradiance of 170 MW/cm 2 . The conversion efficiency was approximately 14% to both signal and idler, with a pump depletion of 78% of the calculated available pump energy in the 3 ns temporal window (only 18% of the total laser pump pulse energy of 570 mJ is available in the 3 ns temporal window). As shown in Fig. 1 , the amplified spectrum exhibits the onset of back conversion as evident by the dip in the center of the signal spectrum. This pronounced dip occurs in the center because the back conversion by sum-frequency generation of signal and idler is strongest there. The intensity autocorrelation of the recompressed amplified signal is shown in Fig.   2 . The measured width of the intensity autocorrelation is 1.3 times greater than the calculated transform-limited autocorrelation width based on the measured pulse spectrum. As previously noted 9 , this increase in width is due to aberrations in the stretcher-compressor pair. The near-field profile is obtained by imaging the amplified signal onto a CCD camera (Fig. 3) . The integrated transverse shape of the amplified signal is a super Gaussian and closely resembles the pump beam profile.
Our YCOB experimental results are comparable to the same OPCPA system using two 10 x 10 x 12 mm BBO crystals for the power amplifier 9 . The higher effective nonlinearity, d eff of BBO (see Table 1 ) is offset by increasing the total length of the YCOB crystals (40 mm vs. 24 mm for BBO) used for this experiment, while maintaining the same pump pulse irradiance. There was no significant difference in terms of the output spectrum, the recompressed pulse duration, or the near field beam profile. The To illustrate the features of YCOB compared to KDP, DKDP, BBO, and LBO for high peak and average power operation, we have written the relevant material parameters for all five crystals in Table 1 13,14 . Maximization of the peak power output of the OPCPA system requires high efficiency energy extraction and a large supported spectral bandwidth from the nonlinear crystals. To directly compare the available bandwidth ( ), the length of each crystal is adjusted to produce a fixed gain (G) of 10 3 (a manageable single crystal gain) with a pump irradiance (I p ) of 0.5 GW/cm 2 . The crystal length required is given by
where C is the nonlinear coupling coefficient. As can be seen in Table 1 , the required YCOB crystal length is over three times shorter than KDP and DKDP, similar to LBO, and 2 times longer than BBO. As a result, even though YCOB's per unit-length wavelength acceptance is smaller than that of DKDP, the gain-length product allows a YCOB crystal to support the approximate equivalent bandwidth ( ) of KDP and DKDP ( High average power operation is limited by thermal effects arising from linear and nonlinear optical absorption of the laser pulse and the thermal acceptance of the crystal.
One figure of merit that measures the ability of a nonlinear crystal to handle high average power is the "thermally limited power" 14 , P av . P av determines the maximum average power that can be tolerated by an edge-cooled frequency converter while still maintaining a high (50%) conversion efficiency,
where I p is the pump irradiance, C is the nonlinear field gain coefficient, is the thermal conductivity, is the thermal sensitivity, and is the linear optical absorption at the pump wavelength. The linear optical absorption measurement of GdCOB/YCOB is based on calorimetry measurements. As shown in Table 1 , YCOB has the potential for very high average power operation, as compared to KDP or DKDP (13 kW compared to 0.007 kW and 0.3 kW, respectively). On an equal aperture basis, YCOB also has better average power capabilities compared to BBO or LBO, but the larger available aperture of YCOB compared to BBO allows YCOB to scale to both high average and high peak power systems. YCOB, with its superior thermal properties and low optical absorption, appears well suited for high-average-power, near-infrared OPCPA operation.
In conclusion, we have demonstrated optical parametric chirped-pulse amplification in YCOB for the first time, producing 40-mJ OPCPA output at 1.053 μm.
The output energy, spectrum, compressed pulse width, and beam quality are equivalent to the results obtained in the same system utilizing BBO crystals as the final OPA amplifiers. In addition, YCOB is capable of growth to apertures significantly larger than BBO or LBO. The higher nonlinear gain of the YCOB crystal offsets the smaller perunit-length bandwidth acceptance so that for the equivalent gain comparison, YCOB's bandwidth falls between that of DKDP and KDP. For handling high average power, the large thermal conductivity and vanishing thermal sensitivity 15 enable YCOB to tolerate average power that is over two orders of magnitude greater than that of KDP and 40x greater than DKDP. This is in addition to the fact that YCOB is more mechanically robust and has higher fracture toughness than any of the four crystals. YCOB takes a good optical polish using normal water based polishing techniques. In addition, YCOB has been successfully coated using elevated temperature (300 o C) high damage threshold optical coatings, whereas KDP and DKDP rely upon solgel-coated surfaces. Finally, unlike KDP or DKDP, the high transparency of YCOB at wavelengths near 2 μm allows the use of this crystal for long-wavelength, high-average-power OPCPA operationidentified as an important research area for high order harmonic generation 16 or shocked cluster experiments 17 . We expect YCOB to play an important role in the average power and peak power scale-up of OPCPA-based laser systems.
We acknowledge helpful discussions with C.P. d eff is the effective nonlinear coupling coefficient, C is the field gain coefficient, t is the thermal sensitivity is the optical absorption coefficient at 1 μm, is the thermal conductivity Aperture is the currently available aperture limit for the given crystal L is the crystal length required for a small signal gain of 10 3 is the full width half maximum of wavelength acceptance for the calculated crystal length Energy limit is the aperture limited available signal energy for a 3 ns pulsewidth at the above pump irradiance P av is the side-cooled crystal relative average power limitation as described in the text and Ref. 14. 
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